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Genomic Structure of an Attenuated Quasi 
Species of HIV-1 from a Blood 
Transfusion Donor and Recipients 

N. J. Deacon,* A. Tsykin, A. Solomon, K. Smith, 
M. Ludford-Menting, D. J. Hooker, D. A. McPhee, 
A. L Greenway, A. Ellett, C. Chatfield, V. A. Lawson, S. Crowe, 
A. Maerz, S. Sonza, J. Learmont, J. S. Sullivan, A. Cunningham, 
D. Dwyer, D. Dowton, J. Mills 

A blood donor infected with human immunodeficiency virus-type 1 (HIV-1) and a cohort 
'of six blood or blood product recipients infected from this donor remain free of HIV-1- 
related disease with stable and normal CD4 lymphocyte counts 10 to 14 years after 
infection. HIV-i sequences from either virus isolates or patient peripheral blood mono- 
nuclear cells had similar deletions in the nef gene and in the region of overlap of nef and 
the U3 region of the long terminal repeat (LTR). Full-length sequencing of one isolate 
genome and amplification of selected HIV-1 genome regions from other cohort members 
revealed no other abnormalities of obvious functional significance. These data show that 
survival after HIV infection can be determined by the HIV genome and support the 
importance of nef or the U3 region of the LTR in determining the pathogenicity of HIV-1 . 



Aiming people infected with IUV-I there 
are some who, even after i nicer ion for 10 
years or more, remain healthy with no si^ns 
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ol clinical progression to acquired immuno- 
deficiency syndrome (AIOS) and have sta- 
ble, normal CD4 lymphocyte annus (/-5). 
The explanation lor the benign course of 
HIV-1 infection in such lon^-term nonpro- 
pressors (LTNP.s) may he stochastic or re- 
lated to host or viral factors or a combina- 
tion of both (6). 

In 1989, a review of the registry of 
individuals in New South Wales with 
blood transfusion-transmitted HIV infec- 
tion revealed that 6 years after transfusion 
two infected recipients and a common 
donor were asymptomatic, with normal 
CD 4 counts. A total of seven H1V-I- 
in fee ted recipients of HI V- 1 -infected 
blood from the same donor a sexu- 

ally active homosexual male who hccianc 
infected bet ween December 1 980 and 
April 1981 ) have been found (Table I ) ( / . 
7) anions recipients of components of 
units donated by l"H6 between 3 February 
1981 and 24 July 1984 (8). The d< nior and 
recipients (hereafter referred to as the 
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Table 1. CD4 cell count and HiV DNA copy number in peripheral blood mononuclear cells of the 
Sydney Bloodbank cohort and control groups. Two members ol the cohort have died from causes 
unrelated to HIV-1 : C83 from SLE in April 1987 and C124 from metastatic gastric cancer in December 
1994 . C54 had a splenectomy in August 1 984. The CD4 count is given as cells per microliter of blood. 
Dates are given as day/month/year. ND, not done (only available DNA was from a sample of unknown 
CD4 cell count). 
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Sydney Blood hank cohort) have had CD4 
lymphocyte counts >500 per microliter of 
Mood (Tahle I ) that have remained stable 
for 10.75 to 14 years (9). No cohort mem- 
ber has developed any A IDS -de fining 
condition or HIV-related symptoms or re- 
eeived any ant irel mviral chemotherapy. 
1 he cohort members are unrelated, and 
human lymphocyte antigen (HLA) typing 
failed to reveal any common genetic hack- 
ground (7). Two recipients of Mood prod- 
m is from DUi subsequent it> April I °«S I 
remain I 1 1 V- 1 -nc«ai i ve. One received tri- 
ple-washed erythrocytes in March 1984 
(/0), and the other recipient received 
erythrocytes in July 1981 (9). One HIV- 
1 -infect ed recipient, C83, had severe sys- 
temic lupus erythematosus (SLE) and a 
preexisting immunodeficiency related to 
her underlying disease and dru^ therapy 
{11). She died from complications of SLE 
and immunosuppression in April 1987 
(12). 

The time to progression to an A I OS- 
defining illness or to a CD4 count <200 
cells per microliter of blood (13) for infected 
recipients of blood from 056 (excluding 
C8.3) was compared: with that of 122 pa- 
tients on the Sydney Bloodbank registry, 
including pediatric cases, who had transfu- 
sion-acquired HIV infection (median time 
to progression = 6.5 years); the difference 
was highly significant (exact lo^ rank test 
11.8, P < 0.0001) {14). Further analyses 
that included the cohort member with SLE 
(OS J) and cither included or excluded pe- 
diatric transfusion recipients (who progress 
more rapidly than adults (/.*>)| in the control' 
uroup also showed highly significant dilfer- 
ences (P < 0.0001). The survival of the 
individuals infected by blood from 036 |six 
of seven or 85.7% alive for a mean of 12 
(10.75 to 14) years after infection] is also 
markedly better than that of other reported 
HIV- 1— infected transfusion recipients (25% 
survival at 12 years) (/6) or of cohorts of 
individuals acquiring HIV-1 infection either 
sexually (<50% survival at 10 years after 
infection) (17) or through intravenous drut^ 
use (progression rate of —5% per year) (/<S). 

The amount of J11V-1 DNA in periph- 
eral Mood mononuclear cells (PBMCs) of 
known CD4 cell count from seven of the 
eij»hi Sydney Blond hank cohort members 
(/9) was determined by a quant itat ive 
DNA polymerase chain reaction (PGR) 
technique (20) with the primers SK 38 and 
SK 39 {21). The amount of I II V- 1 DNA in 
the cohort members was very low (as is 
characteristic of LTNPs (2, 3)| and ranged 
from < 10 to 400 copies of HIV- I DNA per 
10 s CD4 cells (Table I). In comparison, a 
small control i^roup of time-matched trans- 
fusion-infected subjects from the Sydney 
Bloodbank registry had 400 to 4000 copies 
of HIV- 1 DNA per 10 s CD4 cells, whereas 



another jjroup of HI V- 1 -infected individu- 
als with 400 to 650 CD4 cells per microliter 
of Mood also had up to 400 copies of I I IV- I 
DNA per 10 5 CD4 cells (Table I). Mem- 
bers of the Sydney Bloodbank cohort, 
therefore, had peripheral blood CD4 cell 
amounts of HIV-1 DNA in the same ran^e 
as other LTNPs (2, 3) and as little as 0.1% 
that of patients with advanced HIV infec- 
tion (Table I ). 

HIV was isolated by conventional tech- 
niques from recipient ('IS, as previously 
described (/). I 11V was also isolated by 
unconventional culture techniques, includ- 
ing ultraviolet irradiation (22), from recip- 
ients C98 and C54 on at least two occa- 
sions, each in two separate laboratories. 
Relative virus replication of PBMC isolates 
HIV-l t:[HMIK: , HIV-l t:S4 , and H1V-I (:W 
(from recipients 'C 1 8, C54, and C98, re- 
spectively) was compared with the replica- 
tion of reference isolates HIV-1 NM( and 1 
IIIV-I A|)A . AN three cohort isolates were 
replication-competent, though HIV-l OJS 
and HIV-l t;M replicated very poorly com- 
pared with I -II V-i t:)8M|V( ., which in turn 



showed a prolonged replication time rela- 
tive to the reference isolates (23). All co- 
hort isolates were nonsyncyt ium-iiulucin^ 
and macrophage tropic (24). 

A region of HIV-1 DNA, including the 
whole ol the ncf ^ene and U3 region of the 
lonj» terminal repeat (LTR), was amplified 
by double- or triple-nested PCR from viral 
isolates from recipients CI 8, C54, and OAS 
as well as from HIV-1 DNA extracted 
directly from PBMCs of t he donor (036) 
and recipients CIS, C54, and C98 (25). 
Viral isolates were obtained from the same 
samples of PBMC 2s that were used for 
PBMC DNA preparations. The resulting 
amplified fragments ranged in size from 
— 410 base pairs (bp) for isolate HIV- 
1<:ihmiu': ,n ~680 bp for isolate HIV-l ow 
compared with the — 840-bp fragment 
from the molecular clone pNL4-3 (26, 27) 
and from the PBMCs of two noncohort 
patients infected by transfusion (C5 5, a 
nonpro^ressor, and 0)9, a processor) of 
blood 1 from other I I IV- 1 -infected donors 
(H^. I ). This ran^e of fragment sizes indi- 
cates a deletion of — I 60 to 4 50 bp from 
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Fig. 1. Analysis of cohort HIV-1 nef gene-LTR 
PCR amplified fragments. DNA products of the 
third round of amplification were resolved on a 
1 .5% agarose gel and visualized by ethidium 
bromide staining. The amplilied fragments were 
from DNA from molecular clone pNL4-3 (lane 1); PBMCs from D36 (lane 2). C 18 (Inne 4), C54 (lane 6). 
and C98 (lane 8); HIV-1 isolated from C18 (lane 3) and C98 (lane 7) PBMCs; and HIV-1 isolated from 
C18 (lane 5) and C98 (lane 9) macrophages. Blood samples were obtained from cohort members 
between 29 July 1993 and 7 November 1994. Controls included a no-DNA reagent control (lane 12) 
and PBMCs of noncohort patients C53 (blood sampled on 18 May 1994), an HIV-positive nonpro- 
gressor with 560 CD4 cells per microliter (lane 10), and C59 (blood sampled on 26 May 1994), an 
HIV-positive progressor with 108 CD4 cells per microliter (lane 11). Migration of molecular size 
standards is shown on the lelt in base pairs. 
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the nef-LTR region * »l" the cohort IIIV-I 
st niiii. The amplified fragment f V« > 1 1 1 (he 
donor (056) \v;is —550 hp in length, in- 
dicating a deletion of — 290 l">p. Recipient 
C54 PBMCs yielded fragments of two sizes, 
-4 10 and 680 hp (mimed C54 PBMC- 1 and 
-2, respectively). Isolate IIIV-l t:s ^. 2 DNA 
produced I he larger fraument only (AS). We 
have been unable to amplify and sequence 
the HIV- 1 nc/-LTR region from PBMCs 
from C49, C64, C8L and C124, although 
we have heen ahle lo amplify single copy 
cellular nenes from the same ON A (28). 
This finding is consistent with the quanti- 
tative PCR data lor C49, C64, and CI 24 
and, in the case of OS * (the patient who 
dieil I ruin cumplicai ions ol SLE and immu- 
nosuppression), is incunipatihle with death 
due to advanced IIIV-I infection or AIHS 
and confluent with the clinical findings 
su^jLjestin^ fatal SLL. 

Sequencing (29) of the amplified frag- 
ments from the nc/^ene-LTR region (30), 
including that (rum isolate HIV-L^^, 
indicated three common features (Fi^. 2): 
(i) a deletion of various lengths from the 
portion of the ncj j»ene tliat does not 
overlap with the U 5 LTR region {ncf- 
alone region), (ii) a deletion from at least 
one part of die ne/-LTR overlap region, 
and (iii) duplication and rearrangement of 
nuclear factor kappa B (NF-kB) and Spl 
sequences upstream of the hasal promoter 
(Spl) region of the LTR. Although the 
sizes of the deletions and the duplication 
region vary, their locations are conserved. 
1 he deletion in the uef-alonc region in 
C98 sequences is only 16 nucleotides lony 
and is .3* to, and distinct from, the dele- 
tions in the nc/-alone region of the other 
isulates and PBMC-derived sequences, in- 
cluding that of the donur (D.36). Further- 
more, the sequence from the MIV-l t:V( _2 
amplified fragment completely lacks the 
upstream deletion from the ncf-LTR over- 
lap region (Fi^. 2). The rearranged 1 LH 
region from the different PBMC- and iso- 
latc-derived sequences, although always 
present, varies in the spacing and numher 
of duplications of NF-kB and Spl sites. 
All sequences, except that of 1 11 V- 1 ( : <^,i, 
lacked the splice acceptor 12 (SA/2) se- 
quence (hase pairs 9160 and 9161 of NL4- 
3), which is located within the upstream 
ne/- LTR overlap deletion region (3/). 

Thus, the only deletion common to all 
sequences is in the downstream ne/-LTR 
overlap region, which includes sequence 
encoding the conserved amino acid se- 
quence hlock I) of Nef (32). This is con- 
sistent with our detailed studies of anti- 
bodies to Nef in all cohort members (ex- 
cept C8.3) where, despite recognition of 
full-length Nef, no antibodies recognized 
the region ol Nef encoded by the equiva- 
lent of FIIV-l N im nucleotides 9271 to 
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Fig. 2. Sequence abnormalities of the nef gene- 
I Tn region of HIV-1 quasi species from Ihe Syd- 
ney Bloodbat ik cohort. Normal sequence is 
shown by black boxes, the region of NF-KB-Spl 
duplication and rearrangement is shown by light 
shading, and blank areas denote deletions. The 
genomic structure of HIV-1 Nl /i: , for the same re- 
gion is shown at the top together with a scale of its 
sequence numbering (27) and the site of splice 
acceptor 12 {SA12) {31). 



95 1 7 {33). As recipient OAS was infected 
2 years before C54 (January 1982 versus 
July 1984), these data together surest 
that the original virus strain transmitted 
from D36 may have contained only the 
downstream )u»/-LTR overlap region dele- 
tion and a U3 region rearrangement or 
duplication, and that the upstream dele- 
tions in the uc/-alnnc region arose after 
infection. 

Full-length HIV-I ONA of replication- 
competent isolate HIV-l t:tHNm: was ampli- 
fied by PCR in overlapping fragments (34), 
which were cloned and fully sequenced 
(29). The only obvious differences; between 
the sequence of isolate I II V- l t: j KM(u ; (30) 
and that of reference HIV-1 strains (for 
example, IHV-I NI4t ) are in the ncj ^cne 
and U3 region of the LTR (Fi K . 2). The 
encoded Nel protein is truncated from 206 
to 24 amino acids in length, due to dele- 
tions of 177 and 1 I bp from the ne/-alone 
region that hrinjr into phase a termination 
coilon at the resulting 25th endnn. I Town- 
stream there is further loss of nef sequences 
by deletions of 120 and tS6 bp from the 
ncj- LTR overlap region (Fi^. 2). The en- 
coded Nef is identical to the Nl 1,-terminus 
of the MIV-I NM1 Nel sequence at 9 of the 
first 10 amino acids; thereafter, homology is 
lost completely (35). 

The loss of sequence from the ne/-LTR 
overlap region is reflected in the loss of 
the same sequence from the U3 region of 
the 5' LTR, The deletions of 120 and 86 
bp, therefore, eliminate a number of bind- 
ing sires lor important HIV-1 transcrip- 
tion factors including the negative regula- 



tory element and sites for NF-AT, NRT- 1 , 
USF, ami TCF-I«. Furthermore, the se- 
quence between the V-most U3 deletion 
ami the normal V NF-kB site has low 
homology (20%) with the same region of 
I IIV-I NM ,. This sequence represents a re- 
arranged duplication ol NF-KB-Spl en- 
hancer-promoter sequences resulting in 
one additional perfect NF-kB and two pu- 
tative Spl sites that are 57, 45, and 2 bp, 
respectively, upstream of the normal V 
NF-kB site together with a 9-bp insertion 
(one of the extra Spl sites) between the 
normal 5' and 3' NF-kB sites. 

The causal relation between the inlect- 
in« strain and the benign clinical course in 
the cohort examined here is supported by 
the epidemiological data and is corrobo- 
rated by the sequence data that show that 
all members ol the cohort harbor quasi 
species of FIIV-I with major deletions in 
nef ami the ne/- LTR overlap region and a 
rearranged duplication of U3 sequences. 
No other obvious differences from the nu- 
cleotide sequences ol other fully virulent 
HIV-1 strains were observed, ami such 
deletions have not been observed in viru- 
lent strains of I II V- 1 (27). Other charac- 
teristic leaturesof the IIIV-1 quasi species 
from the Sydney Bloodbank cohort mem- 
bers include the positioning of deletions in 
the >K'/-alone and ne/-LTR overlap regions 
and a rearranged duplication of the NF- 
KB-Spl region. All Cohort sequences stud- 
ied have an intact polypurine tract, Spl 
basal promoter region, TATA box, and 
TAR sequences, features which are all 
crucial for virus replication. As these fea- 
tures are common to all of the cohort 
sequences studied and there appear to be 
no other significant genomic abnormali- 
ties, it is reasonable to infer that these nef 
or LTR defects are responsible for the 
attenuated infection caused by this HIV-1 
quasi species and the severely impaired in 
vitro replication ol t wo ol the three viruses 
isolated, compared with wild-type HIV-1 
isolates. These results are consistent with 
the earlier finding tbat the simian immu- 
nodeficiency virus strain SI V |n;u 2 ^, A|U>) 
replicated only poorly in macaques ami 
did not cause disease (36). Furthermore, in 
macaques inoculated wit h SI V (n u . M ,, AMt ,,, 
additional deletions arose in nc/-LTR 
(37), anil the macaques were protected 
from challenge by pathogenic S1V (38). 

Deletions in the ne/-LTR region, simi- 
lar to those in the cohort virus strain, have 
been reported for one of five LTNPs (5). 
Here also a primary deletion present at the 
time of infection was followed by addi- 
tional deletions in nef -LTR over a period 
of 10 years. However, the remaining four 
LTNPs had no deletions in ncj. In other 
studies a single LTNP hemophiliac (4) 
and a ^roup of 10 LTNPs (2) were found 
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to hnvc no deletions in ncf, ;i I though two 
ol the indivklu.ils were noted to have un- 
defined defects in the NF-kB and Spl sites 

(2) . These individuals, together with a 
Krtuip of 15 LTNPs (.?) infected for iS. ti> 
more than 15 years and having srahle, 
normal Cl)4 cell counts, had PHMC viral 
loads 1/7 to 1/50 those, of processors. 
HIV- 1 was isolatetl from only 3 of 10 
nonpm^ressors in one study (2), and in 
l he other study, virus was isolated from 
lymph node mononuclear cells of 7 of the 
15 nonpro^ressors hut not from plasma 

(3) . The lymph nodes ol these nonpn^res- 
sors had significantly fewer of the hyper- 
plastic and none of the involuted changes 
characteristic of processors (3). In all 
three studies LTNPs were shown to have 
strong cellular and humoral immune re- 
sponses (including neutralizing antihody) 
against HIV- 1. 

The strain of HIV- 1 that infected the 
ei«ht mem he rs of the Sydney Blood hank 
cohort has noi caused disease, even in the 
inemhers a dec ted hy the immunosuppres- 
sive effects of a^e, J run therapy, and SLE. 
This attenuated strain of I11V-1, therefore, 
could perhaps he the hasis for a live atten- 
uated vaccine. These data also indicate the 
importance of nef and the LTR in produc- 
tion of HlV-rctated disease and surest that 
nc/ and L PR lunction mi^hr he promising 
targets for antiviral chemotherapy. 
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